Thirty-nine patients required heroic resuscitative measures for sudden hypotension and cardiac arrest in the first 72 hours following cardiac surgery between January 1, 1984 and May 31, 1988.
standard measures. One authoritative text2 has included 'milking' of chest drainage tubes and occasionally a limited opening of the lower end of the sternotomy wound, to rule out tamponade, as standard measures. Others suggest that total re-opening of the sternotomy be performed only in the operating room, after initial stabilisation. 2 ,3 At St. Vincent's Hospital, Sydney, we have moved toward a more aggressive approach. Internal cardiac compression or massage is usually adopted when resuscitation remains ineffective five minutes after commmencing external compression. This retrospective study compares results in two patient groups that have undergone external cardiac compression only or external followed by internal cardiac compression. It is regrettable that a scientific definition as to when and why one should change to open chest resuscitation cannot be given. In each case, the decision was made by the attending surgeon, based upon clinical judgement and previous favourable experience with the open method. The willingness to accept this method, previously regarded as heroic and the last resort, has been one of evolution, and became easier as our experience increased. In some it may not have been absolutely necessary and in others it probably should have been adopted sooner. We do not suggest therefore that the two groups are comparable in scientific or statistical terms.
PA TIENTS AND METHODS
A retrospective review was undertaken of all postoperative patients requiring cardiac resuscitation in the early postoperative period after cardiac surgery at St. Vincent's Hospital, Sydney, between January 1, 1984 and May 31, 1988. Each patient had one or more episodes of sudden hypotension in the first 72 hours after open heart surgery, and in 39 patients this resulted in cardiac arrest in a state of ventricular fibrillation or asystole. The case records of these 39 patients were studied in detail. The patients were divided into two groups, based upon the method of resuscitation used.
Group A, consisting of 24 patients (61.S%) underwent emergency reopening of the sternotomy and internal cardiac compression in the postoperative cardiac critical care unit. Fifteen patients (38.S%) undergoing standard cardiopulmonary resuscitation employing external cardiac compression, were categorised as Group B. Patients in both groups initially received external cardiac compression. Table 1 gives an outline of the various primary cardiac surgical procedures that were performed in the 39 cases.
The decision to persist with closed massage or to change to emergency sternotomy with internal compression was made by the attending surgeon or intensivist in charge. This decision was made most often on the basis of clinical judgement under the prevailing circumstances. Since this study has been retrospective, it was not always possible to determine the exact reason for selection of one treatment modality over the other. The majority of patients undergoing closed chest resuscitation only were clustered around the initial two years of the study period. 
RESULTS
Failure to achieve an adequate cardiac output (quantitated clinically, and by monitoring arterial blood pressure), despite technically adequate external cardiac compression, was the commonest reason for an emergency sternotomy (SO% of group A). The average duration of external cardiac compression before attempting internal compression was S.6±2.2 minutes. Additional reasons for proceeding with emergency sternotomy were recurrence of severe persistent hypotension following initially effective external compression in seven patients (29%), asystole in two (8%), tamponade in three (12.S%) and four patients with persistent ventricular tachycardia, ventricular fibrillation, labile blood pressure and profuse bleeding, respectively. Closed chest cardiac compression was maintained as much as possible throughout the procedure of emergency sternotomy. Despite the urgency, the chest was always washed with an antiseptic solution and opened with aseptic precautions. Internal cardiac compression was carried out for a mean duration of IS.3±4.76 minutes, the duration of compression ranging from 2 to 60 minutes. A mean duration of 2S.S±8.1 minutes of external cardiac compression was required in Group B.
Of the many drugs and pharmacological substances used intravenously in resuscitation of both groups of patients, adrenaline was the commonest (74.3%). External and internal defibrillation was carried out where indicated, usually on multiple occasions. All patients in Group A who were successfully resuscitated were taken to the operating theatre when stable, and the remaining defects corrected. Thereafter, the chest was closed, usually by a standard technique, after thorough irrigation of the wound and pericardial cavity with povidone iodine solution.
Emergency sternotomy was carried out in all 24 patients in Group A, within the first 72 hours following an open heart surgical procedure, while Group B patients had only chest compression. The majority of Group A patients were male (20 or 83.3%) and the mean age of the group was 55.83±11.9 years. Eleven of the 15 patients undergoing external cardiac compression in Group B were male (73.3%) while the mean age of this group was 58.8±12.8 years.
Group A
Twenty-one patients (87.5%) in Group A were initially resuscitated following emergency sternotomy and open cardiac massage in the intensive care unit. In four of these patients, temporary manoeuvres for control of bleeding were necessary. All twentyone patients were then taken back to the operating theatre in a stable haemodynamic state to further determine the cause of arrest. Scrutiny of the heart and pericardial cavity revealed the findings listed in Table 2 . Descriptions or terms used in Table 2 were on the basis of actual appearance of the heart and are the terms used in the operative report. Of the two patients with the 'exsanguinated heart', both had significant haemorrhage from extra-cardiac sites. The massive and rapid blood loss had resulted in an 'empty heart' in each case despite large blood transfusions. Right heart failure and arrhythmias were diagnosed on visual ap'pearance. In the former, the right ventricle and atrium were cyanotic and distended, while in the latter instance grossly irregular ventricular rhythms were present without fibrillation.
The procedures necessitated on re-exploration are mentioned in Table 3 . No significant damage to the myocardium was considered to have occurred in any of the cases as a result of direct cardiac compression, prior to closure of the chest.
Two of the patients in this group had undergone cardiac transplantation. Both survived and suffered no major sequelae. One of them, however, did require right ventricular assistance with a centrifugal pump for 90 hours prior to recovery and is now well.
Three patients in Group A could not be resuscitated due to massive blood loss. Despite blood transfusion, two of them had exsanguinated from extra-cardiac bleeding sites by the time open cardiac compression was carried out. Both of these patients bled from their chest wall, presumably from the One of the patients that had undergone an aortic valve replacement was found to have an aortic dissection, with resultant visceral, renal and lower limb ischaemia. This patient died within 24 hours of resuscitation as a result of these complications. Three patients of those surviving open massage had neurological dysfunction. One of them, who suffered from transient disorientation, recovered fully. The other two suffered hypoxic brain damage, causing akinetic mutism (locked-in syndrome) in one and diffuse cortical damage in the other. Both of these patients died in hospital within a month following resuscitation. Other significant complications in this group of resuscitated patients are enumerated in Table 4 . There were no cases of mediastinitis, sternal or superficial wound infection among the patients who underwent successful open chest resuscitation.
The average stay in hospital following the resuscitation was 15.1±3.9 days. At a follow-up of between 1 and 36 months, 18 patients (75%) of Group A survived and were in New York Heart Association (NYHA) Functional Classes I and 11. GroupB:
All fifteen patients in Group B were managed by the standard methods of cardiopulmonary resuscitation. Five of these patients (33.3%) could not be resuscitated. Prolonged efforts in another five (33.3%) were initially successful in improving cardiac output. However, none of these returned to normal cardiopulmonary function and all of them succumbed within 30 days. Cerebral hypoxia accounted for two of the deaths, and progressive renal and multi-organ failure for the other three. Of the five survivors, two had permanent neurological deficits: one suffered hypoxic brain damage requiring long-term nursing care and the other had bilateral parietal lobe infarcts. Nine of the ten deceased patients in this group had autopsies performed. Three of them showed evidence of tamponade, two of the three being due to haemorrhage around a bypass graft. Post mortem findings are detailed in Table 4 . Quite often, the pathologist's report did not comment on the primary cause of death. Consequently, all significant findings have been tabled, resulting in an overlap of complications among some patients. Severe coronary artery disease and incomplete revascularisation was present in two patients who survived the operative procedure but deteriorated rapidly in the first 24 hours after surgery, and both succumbed despite heroic resuscitative measures. It is unlikely that open chest resuscitation would have achieved survival in either patient. Only three patients in this group (20%) survived with an uneventful recovery. Each of these patients had suffered cardiac arrest due to ventricular fibrillation, which responded promptly to defibrillation after a brief period of external cardiac compression. In none of them was a precise reason for the cardiac arrest established, and the prompt response obviated any decision concerning the need for resternotomy. All three were in NYHA Functional Class I at a follow-up ranging from 12 to 20 months. DISCUSSION Open chest cardiac compression is an established mode of cardiopulmonary resuscitation in non-traumatic cardiac arrest 4 ,5 and was especially popular in the first half of this century. The haemodynamic superiority of internal and therefore direct cardiac compression over external compression has been conclusively established. 6 . 9 In the non-traumatic cardiac arrest, however, emergency thoracotomy has not in recent times been commonly practised because of obvious logistical difficulties. 9 Kouwenhoven IO in 1960 revolutionised the practice of cardiopulmonary resuscitation with the introduction of closed chest cardiac compression or external cardiac massage as it is popularly known. This 'bloodless technique capable of being performed by anyone anywhere' has been universally accepted instead of logically integrating both open and closed methods. 8 Average survival rates in cases of closed chest CPR have ranged from 8 to 27%11 and 14%,12 compared with 28% in an early series of patients undergoing open cardiac compression reported by Stephenson. 5 
Experimental studies in animal models have demonstrated the haemodynamic superiority and improved cerebral perfusion of open cardiac compression over external cardiac compression. 13 • 15
Standard practice in most cardiac surgical units including ours is to correct postoperative hypotension and arrhythmias in an aggressive pharmacological fashion. Sometimes the patient is then taken back to the operating theatre in a stable condition to identify and rectify the underlying cause. 16 Chest drains may become blocked and are not always reliable in preventing liquid blood or clot collecting around the heart. As a result, 'milking' of chest drainage tubes or exploration via a limited lower sternotomy may not be sufficient to rule out cardiac tamponade due to a clot or a localised fluid collection. The autopsy findings of tamponade in three patients of Group B suggests that they would have benefited from open chest resuscitation. Attention to aseptic precautions and povidone iodine irrigation has helped keep the infection rate negligible in those patients requiring open compression. We found only one report in the literature describing the use of this technique of emergency sternotomy and open cardiac compression in resuscitating post-cardiac surgical patients with hypotensive arrest. 17 To our knowledge, ours is the only report that actually compares postoperative cardiac surgical patients receiving either closed or open chest resuscitation.
Fairman arid Edmunds 17 described 64 patients who had emergency re-sternotomy. In 44 patients (Group 1), hypotension was sudden and unexpected. The aetiology in these patients was similar to ours, with arrhythmia, bleeding and tamponade being responsible in 34 patients. In 20 of their patients (Group 2), the hypotension was slow, progressive and unresponsive to maximal pharmacological and intra-aortic balloon support. Predictably, they all did poorly. These 20 patients are not comparable as a group to those patients in whom we performed re-sternotomy. The emergency sternotomy 'carried out as a desperate measure' may well have been avoided in these patients, as none of them had a correctable defect. In our Group B, patients in whom re-sternotomy was not performed, however, there were five patients with correctable defects, all related to bleeding or tamponade. When re-sternotomy was performed, there was a wide range of corrective measures which were possible, as enumerated in Table 3 . An additional corrective measure might be intragraft injection of nitroglycerin to correct native coronary artery spasm, a new entity, being increasingly recognised as a cause of sudden hypotension in a previously stable patient. 18 We did not have cause to use this technique. Ten of the 64 patients in Fairman's series had a second re-opening of sternotomy in the intensive care unit, but were not separately analysed. Of the 74 emergency sternotomies performed, 50% were initially successful with circulation being restored and the chest closed. Only 43% of their Group 1 patients were discharged from hospital compared with 75% in our Group A.
The chest was closed in the intensive care unit in 21 out of 37 cases, whereas we returned all our patients to the operating room for wound closure. We had no wound infections in our series compared with two patients in Fairman's report. One of these patients had chest closure performed in the intensive care unit, while the other had it performed in the operating room.
Two of the 37 patients who were initially resuscitated died later of hypoxic brain damage, comparable to the two brain deaths in our 21 patients. These deaths emphasise the need for prompt action, regardless of the cause. As in all circumstances under which cardiac arrest occurs, an incidence of brain damage does seem inevitable, because time is of paramount importance. The major advantage of performing the emergency sternotomy in the intensive care unit is again time, as there is inevitable delay in transportation to an operating theatre. None of our resuscitated patients showed any evidence of psychological trauma. Indeed, most of them could not recollect any part of the resuscitative process.
It is particularly interesting that in Fairman's series 17 the majority of the sternotomies were performed by junior surgical residents, fellows and even staff physicians, and that senior staff had the least success rate. They recommend advanced training in all aspects of this procedure for all medical and nursing staff of the postoperative intensive care unit. The decreased efficacy, in physiological terms, of closed chest compression because of the unstable sternum and the risk of induced haemorrhage and trauma is also highlighted. The greatest danger is the ever-present possibility of undiagnosed cardiac tamponade. Fairman and Edmunds 17 also recommend that emergency sternotomy be undertaken 'if profound hypotension persists for more than a few minutes'. Earlier fears that the procedure would jeopardise the patient and increase risks of infection have been proven to be unfounded. Emergency re-sternotomy does in fact greatly improve the chances of survival in these selected circumstances.
The series of Fairman and Edmunds 1i was published in 1981, and in fact emergency sternotomy or thoracotomy had been used sporadically by us over many years prior to the period of this study, but only under the most dire circumstances, and with results less favourable than in this group. However, many lessons were learnt during that time and contributed to the successful outcome reported in Group A patients. One important lesson learned was to have the necessary equipment readily available. A sterile emergency surgical kit is now kept in the critical care unit at all times. An emergency intubation trolley is also kept set up at all times.
As a result of the study, it is possible to suggest the following protocols: and other major ischaemic sequelae have been significantly reduced with this method. The incidence of infection is low if aseptic and antiseptic precautions are taken.
